
ISP203A - Global Change
Cycles

Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. S.ubmit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

lk

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?
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2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.
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3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.
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Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: ~lG.~ tv\tro fc,cltl1':~ ,s $ltJfeU

2. Evaporation: OlU~)~ \,ltu0 \,.A\-e,( it> \!pile w(Z(:" \Ie a'!rr;)spiec't/

4. Chemical Energy (when is energy used and when is energy released?)

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer - What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.
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2. Which carbon reservoir has the longest residence time? Explain your reasoning.
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3, Which carbon reservoir has the shortest reservoir time? Explain your reasoning. Yi
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4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning.
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5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?
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Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cvcle.

Characteristic Carbon Cycle
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Processes
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Objectives
Upon completion tlf'this'aetivity, you will be able to:

• Recognize how carbon moves through the environment
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cvcle.

Characteristic Carbon Cycle

Reservoirs

Processes

Residence Times
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Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

2. Evaporation:

3. Degassing:

4. Chemical Energy (when is energy used and when is energy released?)

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer - What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.
L':~~ton-e'" nJe-K-S 1:Clk.'€ Lq::, Ch€ \"noSt;
soac-e CL\'"\cl "t.~~tOv-e 0t- s:tvves the. I'"YlO&t"" Cell-bOn
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2. Which carbon reservoir has the Ion.!Wstlesid~r.!c~ tim7i.,Explain your reasojunq,
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3. Which carbon reservoir has the shortest reservoir til1)~?J1~lain your ~e~Onin~g.
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4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning.
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5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical.products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?
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2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.
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3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.
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Part 3: Homework ."
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
lnP.teased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
"c!e~!eased and how this impacts the residence time of C02 throughout the entire
Eartn system.

4. How does an atom of carbon movefrom coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes ThaI move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How doesan.atom.of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form,
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the

Icarbon esc e.

Characteristic Carbon Cycle
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Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.
1. Reservoirs: /

2. Evaporation:~

3. Degassing: /

4. Chemical Energy (when is energy used and when is energy released?)

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer - What evidence do you have to support your answer?
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2. Which carbon reservoir has the longest residence time? Explain your reasoning.
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3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.
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4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? E.xPlain your reasoning. f'
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5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?
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C. Scenario Questions

(

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually produclDg
small pieces of rock and chemical products, such a~" carmmar , dllfill:lg.,w.eflth§ring.

k,l~ro1 ese weathering products make eir way In 0 S rea fl ev ruarry oceans~=""

a. How would this uplift impact the residence time of C02 in the atmosphere?

,ttplkPt Wt)l{)J,. (~ tVv..-~ tiJIV~
~p~ CU'\-Ol~ IhCll.QM-e- ~
~uto~ ~ Df- COv\.-bDY\- \Y\& dJ.). ~~iV-!

Ch~fA-'€.
b. Significantly more C02 exists in the atmosphere since the industrial QtYhOSIo~D

revolution and 'the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
'monuments, and bricks?

A6d,Q..ct CD.2.. iY\ \:'Vle QJ-YY\08pheJfe. \rtOe..D--9C-S v\-1e
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2, Describe a situation where th size 0 a reservoir in the carbon c c1e is chan ed and
how this impacts the residence of C02 throughout the entire EartFi"system.

f -bhQ... :S,U- m 0- 'fe8eJ{\) D\r I lllLe.... 11I\Q CAh"hDSpreKr is '\f\.~011
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iC..Q..., l;\!1t~ wOvllJ. tN11.- I~ tV\.e.- OJ'Y\1>1!U'tf- of- OCQ..£Ul aCWltA({l~
3. Describe a situation where the residence time for a reservoir in the carbon cycle is CU'\.4. 6~

changed and how this impacts the residence time of C02 throughout the entire Co..1bMI""
Earth system. .~ AesQIVt
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Part 3: Homework
If you complete the group work, you may work on the homework on your own.
means your answers should be generally unique from other students' answers.
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

This
Submit

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster. ,
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the

Icarbon eve e.

Characteristic Carbon Cycle

Reservoirs

Processes

Residence Times

1
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1. What is the largest carbon reservoir? Explain your reasoning.

~Q~PhWt-t belQ~\U ~~\1;t {e~jttr 1w MQ~t [Movv-

lAV\; - ~Q;W\J;~bI\.OVhffiru oJSl2 -k It·
3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.

(11YVL2S~heJ\U bttc\;~\~ \it C-UtlSl1vvn ~ M-Q;VLht ~
CVl.etV\ ~V\t ('((.e~ 1>1D~p~ ~ \r\\{clK)S-?~

4. Which form of energy is more important for carbon cycle processes, gravitational or \, .

checVill\~atu:rbeCo~~ ~OV\ ~lstr t~ \-Q, Mtt~1
~v'\It CD~u,Vlc1j.

5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?

~ (~V\ ,(,~l&tr ~(' it ~S l0 -hru oUCllV'
~reV\l\(1vVti ~ _0~ (t\ ~t '(~ {( cle~\\r-cc/ II/11k;~
CtfM9spVlQ;t{ ~Vl [tv \tlt}+w \S IVl U~d ~f\Jt/ .
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a.tt~o~ljUPIi~~z;t~~~enccfme~~~os~~

is LQVl~ b-eV{vk h2Jto\- u~ 1V'J StW{A~
b~ UWl f1£Vv~ tWfJta&\ lv\;t\O kW ~rp~

b. Significant0~0~o~X~~h: atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

Inw(6'lJlnt u\K~'rl;\- ~~ lOt ~V1 ~
().,1mQS~~ ~ CClrA US MOl( COt WI

{A;lJlvt \Ut t ~f\

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

If~ 0\lVYLet~ W f\u.~f fA~ lttJlu;
b ~ \\;t l0\~f\k C\. u\.(\\'\11~ \fl~ClN),QJt ctYzi1 c~ (1\Ne\l-) ,

W\l aH~~~~ MLAOVl fAn~ 1~1na-
3, Describ a situation where th~residence~7for a reservoir in the carbon cycle is

changed and how this impacts the residence time of C02 throughout the entire
Earth system.

, tm fllA:'+, \~ Chan~ \f <A ~\~
1~ (~Wl r\;( (teet '\{) Cl lJMU I b~n~~. ~

~\LI\J~ I ''a\UUJl~nr v~\2AtVl (J ~Mtcf
~ lG\~ I ~LDVVfl6 edt~ ~ces~
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Part 3: Homework
If you complete the group work, you may work on the homework on your own.
means your answers should be generally unique from other students' answers.
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

This
Submit

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

4
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Objectives-""" :>"""~'". ..1"
Upon completlen-es-this acti¥i1Y, 'you will be able to:"

• Recogl1fzEfh'oWcarbon moves through the environment
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon c c1e.

Characteristic

Reservoirs

Processes

Residence Times

Carbon Cycle

f0;t;,.,\ Q,\' \:)\(j))J\,uJ~ IlA~'rO~llOL.\l..SICaCO,

OLilLL{\",l Y\~O-(OWR.u-t 'I 06.')- C Crl..( c.o 'S I liC0i)) J tmO\\)~

welA)v.,V\(\C11 c; \ gJ Ullo.. \ 12 OTO,)\j s I
((')\No.no~, bu((\\(\g 16(U,l\'\ ClC.AO\\\CQ..no'i\

1
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• GROUP#:

~
. Student IDs of Members Present:

• . A4-0~I~(£

kf12--UlI~
I ~ 0

Part 2: Group Work . .__ . NII:s.O"30Ze:,
A. Make sure everyone In your group understands these ter s efore moving on.
1. Reservoirs:f\Qce~ \.lJ I'1He [).lCtttr \~ Skored (or CQfbOf\)

2. Evaporation: ~V\Gu'\9\ns f 0 rY\ 0.. IIq\) \d +0 0-- go....A.- .

3. Degassing:rY\UJt(VUX"r fyom ~cU-- frO(YI on<- (.QSt(\JO/
10 Q(\6!U..t.

4. Chemical Energy (when is energy used and when is energy released?) .
O~ W\U-i,\ tf MO--W-- bOilc.4- C\.V\Q. {..tllCl~~6 W~
bO(}~ Q(Jl fcX me.J, -

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer - What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.

L,me.-":i10{l-e- De.U:.uJ<)z It IS Ma-6--L 0+ Q. II \'tc O-..to.-6
O(q6..(\IC n'\o.t-\-eJ.

2. Which carbon reservoir has the longest residence time? Expiain your reasoning.

PrYf(\l)S?M'JL \Je.CCW\e- 1-1- ~-e-h flc\.pp-e.-d o.no.- 11­
(). \SOl rY\O\J~S \(\ 0..(\0- Out-· \t\-t IG\~ C)··oJ- Y'-e...~-a vC)I( hoS
J\L 0(\0\ e~-t- r.Q ')\J-tIta h(\JI..i..

3. Which carbon feservoir has the shortest reservoir time? Explain your reasoning.

l)\()fY\C>-SS be.cCLU'S-L ws tv.- S\Y\CA.\,\.LD+ f~~-eJv(J;(,

l\..L S0\CHW-t (t-~-t(VCJ\( \\Q.~ ~ <;hcf~ 1.,e.<;)dJ.,(\[.LhM-e .

4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning. \,. 0 \- ,I 0

tl(\€ffi\COJ eJ\eJ9U\' l)'CUJ..JJyt:... i\...L'(~ 1\ mOn.­
PI~a-<;-t C\'\CU\~n'\(),--t-- u'\'C-- G\'\L;IYI \ CUd ·€.JlUqY

'fY\CAi\ gfGUJ\~hO(\0'-1 e..li\-Uqy·
5. How is the process of degassing in the carbon cycle different from the process of

evaporation in the water cycle?

D-e0G\S<S\f\~ 1<; Q ~CAS gCJI ('\9
(~~(\JO\( to CAnolU-V, o.no
\ S C\'\ClJ\g \(I~ f'fo rYl2 \'\ q\J\ 0-

Rom O~wo- PO( 0-nun
+0 gul.\'.



ISP203A - Global Change
Cycles

C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

11 Wi\\ b~ ·HocU.-d 0-1"\6 l)JZCA.\vx.(6. In o(dJ-J{
to ww\V.l (OGO-- ~Ull ll"ifC o». by fN11i(\9
\+ 6 u+- of l\Z \ 6 Clb.- C\.(I (} r-t \.Ul'l((S'; (00

H\.t-o fu- 0.h'Y\o·W\'UA~.~

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

~ N\O{Z- C01- ',(\ ~ Q hY\O'iP\\..d~,

~ mO(~ 0-..(;10.. r(A\(\ t\.L1-t. \'), ~X.e.. fD<-c
,moce. vJf.OJU(\(\g Ot-- rO(,~ I ancl f\01'\
l-r G~GW---.

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

WZ \'S 6.- ~O(\6- G(tlc}.. It- c}.YIU- Up) So
G\A..- (.e..')\ dJvn o: hCl'\..L \ z r Sho( -\-G(\\
\Q{ J\t- W oJ'cl ( S0 ~ (QS\ ell (\CJ-- h (1\.L fa(

1V- c.h'Y\o ') ~ \"\...l (JL C\.n(}.. D\0 ')1) \\.L\' JL CffL1"5 \ 0(\co<-'{ .
3. Describe a situation where the residence time for a reservoir in the carbon cycle is

changed and how this impacts the residence time of C02 throughout the entire
Earth system.

lYV-A~ \'S (l \ CA-\0-- \'f\ CA--\- '\< b~ Q <; 11z CK.yY\

Clf\0\ ~ ~)-(·u;\,1'\0 Stu¥ -t-<; k\OWl (\0 fG\.\Kl

~o \Vu- t\\J)( 1s qr~ (AJ(J r'n(l\G\ 0q \u-­
f.QS\dJ.r\0-- h~ lu:0.- 1(\ rt\l \~U.



ISP203A - Global Change
Cycles

Part 3: Homework'
If you complete the group work, youmay work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

4
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ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster. the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate. decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the

b Icar on cyce.

Characteristic Carbon Cycle

Reservoirs
O\h-,,~~/ ',,'oMIJ.~S) \:'('..'\~' \..1~a ~h

'Dl@Ifl~

Processes
IJ/. \'W'j I ()",n..\ / 1'4~"'o(rk,',",/ s",IJJw\.<",/ WIC6"C/ Q'f-""~

10 Vi' '""'- aa« tV d.·(..to-~'cA
...Y ,

Residence Times

1



ISP203A - Global Change
Cycles

GROUP#: .~
Student IDs f Members Present:

ALI1l&'~3L A '-13 &'6 'I /~G

-!t'17SB5tt#'! J

Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.
1. Reservoirs: I ,J krc. /? I ( II)Ptl.ll. ( <:> ~hr!#vt.u.r ~ f'\t, •

2. Evaporation: '\. \ v . rIt,,,, W~""~

4. Chemical Energy (when is energy used and when is energy released?)

~J 'I ~',lJ" /'(,1a~J ~,,~ c l~,,~ I Y't-"-C k,,-~,

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer - What evidence do you have to support your answer?

1. What is the largest carbon.r.eservoir? EX.plain your reasoni~g. /. .!jJ, ~-o;(U L ,L

{f,,,,~p~ kCi:#lIK pix" ~' J.,;;, .. r <XC- J-,yt." ) r~II.-v'6

2. Which carbon reservoir has the longest residence time? Explain your reaSOning.)

81'~>p4;4c«1.4(e.. h<.- CO<' k.. ,. s(7 .hj U Iy Joe k; '

3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.

~yJr"lpk I !l'tH<- Pre-u )""="t; u; pb ,'" 1ct. h'i.l rofPIut- /tv..
~" o fur ff..,-e<.rvo ~r\ •

4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning. I

C~i:.c- / ( f".trl- prQCl({l{ 1\'" !'k..Ct{!<.- "'IX Cit""!c,,, I2!I.U'oYr

oce.~ C«1d.~l:cJtC/'- I ~~l~ I I\{.k--",orp"'c<""'\.,

5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle? I £. I

1k- cwh"'f\ ,') ftOf.- (M.y~ )" k,

2
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ISP203A - Global Change
Cycles

C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

1--\- "",,,~IJ .'o.c,£«y<.- tIL fl-\,'Ju.~ lI-uhac<,,«. ",p-r'lvCwt~~,

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks? •

Wt..~"J !ct.) '\'~lAveJ kc/o< t4~ WAf,.. o.J COL c.rw.k c.c.cl wi; 'k.

(,JfA,..~! Jt>~" fOc k" .: "fk."t ,'t';ort CI}v( 17,_ ,I, h-t ~ Ifo'OffiL~
50 k I.<i II k ""er<... ~ItC~) .£ "",,,,,It..... a.c.J,

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

11- kc') )-..J"-'. t...CcS" eJCdJ n.c cJ;,-.k,., cycle. hae.f.toc /,c,(' f..."es,

Cv>-<- H ";j CO,/- a.".) "'~r<- wee.. fz..r':J he..) ocew..J.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

f1.<- fLk..- vi- io~,:( ~h i.,
A,~Ac'fkrc.- OI/l) /..c..r olttrcc<c<-J

f- \ Av"
J L 1/ , C/ iJI'V\. /".. c,..",a.YL • 'A-- wl.-t 'A"i I

o: C {Iv- roc ILl l'Xu"U ()
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ISP203A - Global Change
Cycles

Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

4
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Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cvcle.

Characteristic Carbon Cycle

Reservoirs IlI/I"lrw'f~ , ~rA/<9r>: 1 l, (,J.f l-'or'-( ( I-Iho,(~

4rtl'ff OJ"""""} s) , {,',v,~i70M. (,w.kJ) ot-e&-1/\ {

Processes ~ o(..-th/'o. &1Wlrd,·h~u...~-'\I(-<~f//"'h~/hvl"

wewfJ.-vvrfl, , "'tt" ~ j~""i',", L, vn'~ I , ",kof. ~YA11-,>:

Oh~o'!~f1v,:", C!h-v.Ylr ~1""'1--e 0/- f't" servo,''!
Residence Times clef//Itt"'j,(.... ,tS~rvOI/ ~ cleCNr--LA-- 7c(.r. fJ '""'--&

d~ nv, _ In (,-v<.-o1 r«r. h~

1
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GROUP#:
Student IDs of Members Present:

A Lj005C/708
!t4fJ/,?/Q ;t-I

J

De9~'2>S\03 "lSn+ c.h~\:5 CYte.rY1icoJIJ
[S1tl.:J s CDz') tjcG' e:5Co.pi"5

fvopor-o.bo¥\ i~ J-\~O +u LLlO---t« vo.por
(liguidio ~Yl...s)

Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.
1. Reservoirs: ~ f I""'-V~ /,J ""'--"Y ,~Uo''''.1

2. Evaporation: 1l-< /1"9 v'Cl! or w",fVv ""o/<t VUI "" Vir,"'} ''>iV 1J,...c wmo~/~ "I l-v~.r

t'( ~rJ/v''' / eA~1

3. Degassing: r""",,,~V),..1 of d"lo~'-'-'/ '1 ~J-u ~~ {'7von.£l

4. Chemical Energy (when is energy used and when is energy released?) Iv",/,'?''''''~./' ~1k'

t'\.. ~~[Ul (IL?\..~'Ul/'\ c

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer - What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.

Di OSp\'l eAe. CI'Y\o~;\- co--<'cPn')

2. Which carbon reservoir has the longest residence time? Explain your reasoning.

L, th ospYJ-e.x'e- - Sb \\ 6 rno l-e.c...'-'\ e.'S~ Olo'Ve
slow-e-r- +ViO-n ( \9 \.J i d 0(' 8°-"S .

3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.

A~osphb\-e -

4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning.

. C.hem I col: -~. CoJbon h0--'5 l'Ylo.-r1j d i{f--e«en-t- --ta\Tl'l:)

in the- Co--(bot\ C{jcxe.. Cl-\(03 I CD", J (;,LO, ')
OJ'lD ChtAnCl c:E; rYP4'5e c>f~ -\-nor"\ S:J-.\:) +v. e. LJ:::;..-\--e.-- \()

5. How is the process ofdegassing in the carbon cycle different from the process of"\-~
evaporation in the water cycle? LA...:O-k-e--'

~c...\-e...
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due, +0 pR.(..\plta-.tiO'l ~rr)
inc: 001... Cs~hQuse 80-'S se s)

\{\ Qtm()Sp~

c.Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

Up lift 2.- weQ+nex-'l'j iflC1eo..SeS C~\(\-\-U -\-he...
D.:Q-v-\ 0::)P"~ ) yY)O~ CO2- ==- t I'Q...SkkNl c..c. -Dme....

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

1" ~0 eo.:then~

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

3



ISP203A - Global Change
Cycles .. ~
Part 3: Homework < <. )

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

lh e -flux. \" I out deh'fY"l\f)-e.:s -\\,.e. 'S·IZE:..

ehow much DF+h-e. rY'Io-.iter ts 'In t\-'>
2. Describe a situation where the residence time for a reservoir in the carbon cycle is

increased and how this impacts the residence time of C02 throughout the entire
Earth system. --L 1-: <

[)e.fo{CSIQtlon - bU("YII (15
'I CO-cVvon \f\ ()I,.+Cl'losphe..re... ) l' (esid.eKle..t:. -bm-e.-.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system. Il h < ,I

w, IfJc.r-eu.s-e. III pI O-'\)~o- use up C 0 2 "In
o..-l-m<J::Rh-u'<'-l::­

~ res(cknc-c -tl0l<: o-t- G \'(\ 0-...1m~~~.
4. How does an atom of carbon move from coal into the atmosphere? Explain what

would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

BUvn coo.L .~ COz in o..l-r-noSphe.-\e...
I~ il bloV-Je.d doV-l<l ty.-e.. le.6k:\enc.e S(L-e.- U-..)OU \do de-c..,
a.nd ~,e., -\-erYl P wou\d (.0::)\ dolJ-J" t. l-c:£,'S COl.. \Y\ Q..-+mCJS~~

5. Recall our earlier work with ocean acidification. How does an atom of carbon move h ea..+ Cillj
from C02 in water into rock? How would an increase in the processes that move e.src< ne.
carbon into rock impact Earth's temperature? -, .

, . " , \Y\OCG,YlOU-
If.{~D r c.o.; .. \--llO :3 ~ +lz. CO 3

Cc)3~ C. aJ0 3 \\I'N''::,~>....)

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

(y(' n:un drop h a;) rocK
4

:Jive-s off Cf'n
p/M{ use-';) C01- ---.:sr we... ea-t plO-.-n-t



ISP203A - Global Change
Cycles

Objectives
Upon completion ofthlsactivity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in c;hanging C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement .

and change of matter on Earth.
2. A system is in equillbriurn when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

•

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cvcle.

Characteristic Carbon Cycle

Fo(e~tS lp'>IOMtl.S))J L-\l'()e5tt>~ ll'bC.~2 OC.CQ t1S
Reservoirs (n'lc:lW>6p.....4),o+th~p....eY'f: l u) .. rN,..• ).

woe (\oIl>IUj""1 De~Q ssIn~ l~l.Il'\~J jMC>lOlS'I"'t\>I.U IS I 1oU,s1'1"'1I"'1
Processes BlAYn'flj, Oc,..e....., Aod\fI~.

c.hN"'~ f1lAlt) CV)lVl~ sILl) eu.(~A.).l f.f.-Vl.'(W\( sll~.

Residence Times Jg((b-~ f\l.ll\. ~y'~ \loT.

1
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GROUP #: 1-1
Student IDs of Members Present:
..A sqqqsss 2-
.>4 YD'Z. -S DDzU>
A 461 3Clt.l··U)

Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.
1. Reservoirs: L-ou.,:hon of. f{\atteY·

2. Evaporation: Gh ClY\5e

3. Degassing: -nu.

4. Chemical Energy (when is energy used and when is energy released?)

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer - What evidence do you have to support your answer?

1. What is the lar~est c~rbo reservoir? Explain your~a~

~~:::ob~~~~. C?J\(JSV~j.·Jl) -fiOS-t ~
())V\'SJ-~

~...,. n~ Which carbon reservoir has the longest residence time? Explain your reasoning.

~f' 11\ . 0JIi h r s J::>iCl~/
~oc:fi>' s e' , ,

~l~~ ~ ~~~~~~
U" 3. Which carbon reservoir has the ortest reservoir time? Explain your reasoning.

~e=.--c:5~~' fJ lDSP~M.
, lS»J.1<.\CPro <..tB~

4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning. GY\L '("IV. (... ..u ha.f\ \bY~

. . 'fy\ ()'C~ ..,~' . tv" (Pdl&l, J. C; ~Y\&
. ~ ,. . .

5: How is'tlie process of degassing in the'carbon cycle different from the process of
evaporation in the water cycle? ' 'j:.n· -e.fo..p0Y'cXllon rro.+k:'i3

c)r\0fl f:f In fb(1'f\., ,,(b LL-+ 1(\ c;lQS ~S\l'\t

).\-5 form dD-e'Si'\1- ChCV\8C- 0f'\1\1 i{s IDe
'J a.tJ6V' ,
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ISP203A - Global Change
Cycles

C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,

monuments, and bricks? I AOV" o f1)YYYl td"lo'" .r
-"VI <, r I ()\ CQfkOtUC

[A0 c\ WI 1\ ~~ /". '"
IN' ' \ \'\ c/.Q~ i Y)

\N((VI-Y'U', ~ .

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire

Earth system. :r. f- ~ {Jl,g \ d.Q..n cQ. -h y)'\.Q. D f:- (;;1\Re.r~ 4-

VfJ.JJlJ ViJLRV\.Ol{S vJUJ<.. 1D e...-hcv1Je It- \,AICU1cl

~ GL \".U..JR. .RS+ee+- b{\ '+Yu cUrY1 '
CXJ-tl.c asj>~Y1 Co
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ISP203A - Global Change
Cycles

Part 3: Homework.".
If you complete the group work, you may work on the homework on your own.
means your answers should be generally unique from other students' answers.
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

This
Submit

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move'
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cvcle,

Characteristic Carbon Cycle

Reservoirs

Processes

Residence Times

1
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Cycles

GROUP#:
Student IDs Members Present:

~L\ \loqCoilD hLi at1 L)0984
ItLl()()(){o15Q fHZC12fil~b

Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: PiIl.Ge- IJ r Q{'e<\ l-0 ~~{'e '''lA{.k. i's :>tCJ('e~

2. Evaporation: C\1A"~~"J .(~ '"- '\ \1.Il--" ~ to 'I. j'l,.j

3. Degassing: \I\~lI'e11\€ iI,+ ~ L\.. ~f\.S -\1'0 I'lL 0 n q C€5 rl1l''' \ r to- ~~()I-Ir. ~

4. Chemical Energy (when is energy used and when is energy released?)

f.f\l.f~i ~~Of'e<\ 't1l4 \d~<lH& tfOM ike- -Co 011\~ ~ br-ecJ,'-fJ
e>( bc~&~·

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer - What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.

L,t"-o~~kert... IS -\-1Le. h~ ~t (lllr!l61\. re.seNo~"" Tkk. I'<;, ~e ~<t 0<;. 'E:

Cll,b!>" ~ -(evJ~ Nt f(lJ1.it'f ttreaS ~ere (' ('l\'Ie~k,/I.,e- a~& C.Oz-J Md
lQ ~!> 'Lvqflr~~~€'S.

2. Which carbon reservoir has the longest residence time? Explain your reasoning.

"Th-t.. Ilthosp ~~r-e. hlt6 t~e... l<9\'\t5t resl'derLu.. tt-Me. becqr,y;,e

+Ilef'e.. ls 1\ -:>hor+- .(1uXJ bVf' ;--h cds (9 q 'tery tllr-e(
I€.sexvo H'.

3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.

The. 'thvt6Sphe~ ~'!.-5 ~~.~ nshcC"'!-l"o,+ 'ese.nI'o1'r-- i:->"'I€, 111", ,'::,
6u(\.U~~ ~, lea." It ,~'t9 't tt.,.'X J CD?- 0'L -\-\te. ld-rI1 o'Sf Ite re, ~s
(N1Sk It~ /l1.e'" ~t'l Cj ! n: 'lltd a vi-,

4. Which form of energy is More important for carbon cycle processes, gravitational or
chemical? Explain your reasoning.

Cnef'11\ctL\ eltett\Y b f\1C~J ~{)I'ktl\.{- ~r: c<t-r-bo(L c..yde
\JCoc.e.?5e'S, 'i\1b 0: cec(t-\F-..se.. (A~'Yl.. ;S. (OfLs4~,JIy. ch(Jtt~t\1J
~(\'J\) I'rt 'k I'''''t." 0.(.. fit0 I~e.tJ Ies. ~q,relt qetes ,'t- lkYas u~r elli-~ 11..
5. How is the process of degassing in the carbon cycle different from the process of

evaporation in the water cycle?

D~~q;$S'N5 """ c a..bo f\. cycle. :3 d«erc'\.t -(co tYl .J-k e.
~fOC.-e.>'S. aL E:-~~Or<t~i't'l(j h\.. 4-ht. w'{f.t,r ~ycle hf.cq~

l,lt\cre. ~ nO- r~ttSe.. cltlt1El~'.I+- 'fVl1ctf'>1.5 q vetS
'0~\SVS e 1J'lX.~M..~'ct1. l\ll1ar~ i-l-- ~C>6'S ~"lo/i q

t!'Lt \)~ -b ct ~tt s
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ISP203A - Global Change
Cycles

C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

ih?o \l'~h",,"· ~?iJl&I~(~s~ {~e re~~~~ hm~
(')~ O/!)'L m Uie.. '1~fI1I>~f he€'e. Th/? l} h~tctv-." -e. I-ke
le.$eN(')'t-r- .,,~e 'I,:,. ~<kytIl6 He "S1.,111-e J i» -I- He
.(1v)( \'1'\.. 'Is \-CLC-\e~~'

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

lk~ tt!!~! C.Oz o-It the.. ttko$f~ert- ~<tS C'l.V-~eJ
ttl\. l'ICLf"el\.~ e. Of\. ~~-e &O-'E'-fl\.he("~"1.~ NLk ~ f'<:l~h. Thrs

~$ ~~LO.\}~~ 0.:5 rttrfl be(ofll.~s fftH~ ttCi'-J.'-c.) JtI€ k
~L fl1C-('ro.~ea. CD~) +- ('_J~.v~ t2-~ ~e.l\. ih@['~ to
\IlC\tA.$~·

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

DeG\e~~\-t'o"J 0 r- Co- Ul'-rt~ c~~ W' tl -\: r"=. -l- ht 4-h€..
bco lV\<tSS .':> W f tl Ci[\Js <?- .e-5~e vl ce -1-,,- ftI e 'is 6l '" CDz I tL

t-~t- et'\,~~e.- btri-K. ~f~te M ~C>- ~'1c'.J"·e(1Se . ..L~ ~er~
'h, tes-s- ()i;. -tne- ~ervo frJ {-\\<:(J CDc. b. 'ldJed -h

l-ht.. ~er f'e0€NeH:; I i'fle.-('e~c;·~ tltu 'W r<!?s~ (; lie ~ +,~(Jt!2$..

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

\rJ\\-~ ~\.f./~f\L..rvt~ 1:.. (){. Ldt. ,do H~ el\",~rol/"'lert+-
(00 ('1\ hIl- fjll:\.I'L~ J +h)'0£ w- Hlett1.9..:; e res ~cIM <: (' [f<.H/ e -to
A~u"ei\ 'Q£. ~'\ i-h e- ~¥k~n' . A-~ .f-h e. cdc 041<Na5

~t;,A-e \" NI.) \\- IN \-l\ qIGo (),{o~L 4::,te (' ov~, :rtlts u) (~ll
GQV5-~ 0~e.r ra,«.ntc>\'k 3 c..6l'\/~ed:-eJ +0 (~e q~f11:j::;;rhe~
\0 (A~o ~Il~ Q ~eur-ect..s-e frt \e~~rJ<)~r i~r'I1t'5 ..



ISP203A - Global Change
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Part 3: Homework ;,
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?
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ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
a Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon c cle.

Characteristic Carbon Cycle

Reservoirs

Processes

Residence Times

1
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Cycles

C. Scenario Questions
T

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the wll?t);1ering rate of rocks found in mountains, .

\Qonumen,~s,and bricks? lY\ll \OU\~ \NtOv-\V\Qx teAS \ ex-
tCQJJ S~ tlt\Q. CO I 't'YIOuv:QS -\1-11\ n 'feLl \A 11\1\0 -A

(At\Cl\~, vue '1\ IV\.- rL

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residr~W time of C02 throughout the entire Earth system.

N\ 0ttS,9k \VI -rV\lL 0t:eJM'1 CClNses t~ OC-eRV\ t-D
'otC{)V\Nl '<\f\ort (AGlct IC" V:J Y\\CJ\ DrtOJ(~ dCJwn
t1f\l. lDYClJ[ rePf rtlWslnrl 11\/1 f/'ilrf' C'O' ~ /" f1/'O'tV\Q ~trvtO c;pfiVLr -e . ~j I v LP I '- . <1'" r I

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire

Earth system. \~~l n~ YVlO Vc C02 rntlJ tV\t
1

(AhY)OSr~[ \j\J0\J \d 1V1L%eC/.~ f t."lA.L. r f'S JctilLY!c.~
t-t ~J V\lV\\th \NoV\d HJ}~recu:e t~
'( ts \diV1G t \V\AJ2. ,\-hY1)ULj hou t- l~
tn\/I~e \-UX l\I") SXS+UVl'
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Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move (
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

4
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Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced. eY\ eN'Stj
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Wm+hLn ':9 ) Vscs CO 2. (\-- f' y()cto e..u Co 2.

ClAillCOm Wbo~ ;= uvru &~ru [s.h..vU..:s,

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon c cle.

Characteristic

\otto.3
Reservoirs CD1.

Processes

Residence Times

1

Carbon Cycle
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GROUP#: K
Student IDs of Members Present:

'. Al-/3LPf3,2463
A 1--/,33 3 CY1-£:t'1'

8+-O~ ~OL.

lLqUlc{. +nLYlof-Orm

Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

l\ 'P\a..QL +1I-Cu-
2. Evaporation: IAJh{'.h CL

3. D~~9: Ol~as (V] t-ru OCJ2.D<.n mO\lrJ 1I11-O-+-IV
(lA ,rfY\P;) VLQA-f.

4. Ch6'"mlcal Ene gy (when is energy used and when is energy released?)

lJS-tel to C\L.Cl;f e eft0 ~lAbh.5 n;

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer - What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.

IVU 0ce£U'l, IotcCcCl S<: t X. L8 -j- I J'l /!"}LCtY1Lf GU Eftr-eru­
to \'""vYlS o < AAcI 0CtD.n-S CO h ~0 m..t muCh d(-
.~ Nil .V-\-f(\ ( U~<.S+el h...{:J

2. Which carbOn reserVoir has the longes'rresidence time? Explain your reasoning.

Q(JcJvG ()JcoLd V!.QW +-h..L tO~S t- beCaO~
l+ +eJce-o +-ftU- tO~+ form If- t6 WfQ...,~,
l"YU fi\)(: tV\ ~'du+ L& ssr.au>

3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.

""TN <$h()~+ eucultb{ ~ -H'l-.{ IoLOSph*L /
'PLoJt~ . Lew~ phOto s"i Vlt-YUL~ 0CCLJuY:S
\JtVLA ()·ftW. -tru. IDLQW~ hOtJ 0. n l()h -F1 lfL

4. WhichJ'orm of energy is more important for carbon cycle processes, gravTI2{tiona( or '

tnmt~l~YOUtnS~Otgt \s, +-I1J MOS-f IvY\,PDv+-tt.nf
\NCCLlIT:{ vYl£l.YL Y1X_£SK~. OC£ 0r cLue t-o

tntyYlLlCa{ e. y .
5. How is the process of degassing in the carbon cycle different from the process of

evaporation in the water cycle?

ClC0CL()&Lfl. <j _.~ gus clOE.Sh .f ChfLht}-/
·fo rrf) l-r ~CJ Q 9os, lY1 t Vl.LP 0 \ftlJJ:) h
C\. ll4uLel l0CLtf-Y +uVn S l n.-ro Q gOJ,.

2 )
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

\t W OU let rnCLk.-e -tf11 r--E<S.LdLn Lt
-l-tln.l Df CO'Z- l V) +-Yu euH'Yl 0&Fn.u--t
6, noYi-V\' .

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, andbricks?

-rY\.\.S hCl~ C(A).JJe..0I i'bcJ<-- eVl fY)GUttLLy\s
MOn (j YYLe.X\~ ~ bYl-GIL t-o LDh.aOU-h,.AA) J

OJ- Off).st-fY \'Ult-t .

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

~O~ to\Jlcf tl)t clow n Cl fa lr es ~ ~ [1- plQn f
-h~ld , +elklY\9 +tv ClbI.LU--y +0 r-~
plLLn~ to lJ~ COL \·e.QlUlVlOj rno Vi' c.C)L CYJ

Cl+fYlJJg~w-r.,. ~Ytctttna CL/ CDWfLY N-S idtfLM t-tJo/l1.
3. Describe a situation where the residence tiJe for a reservoir in the carbon cycle is

changed and how this impacts the residence time of C02 throughout the entire
Earth system.

"TI'U tnllUS-H'Y tOU l d f\'l:lcLUU VYLO~
to1- Y" f lQ.DlS Ln<g Lt {VltD +flU Cd1Y]~rhz.Jy

~Y-LCt*t~ CL L0~ r-t8.LWILU -rUi\--f.;
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ISP203A - Global Change
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Part 3: Homework
If you complete the group work, you may work on the homework on your own. This,
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

,_ n, '(\0\\00)
IJ\lIfV "o Xt\'\I\\'

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system. .

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

\NGtXr0 uD O\;W \JS5 cJlU(\PCJ h. \S rYlO\J\'~
\(\o~S '&lCClJJ'& Ct OvU \ tJve-~ ,

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

Q\)'(1(\ t oGLl· \:..Q){'oD V\ ~ ct \,)(0 ell

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move'
carbon into rock impact Earth's temperature?

Cj)~ + J.-h.O . @El' H C03 '- f-/2 C03 «c:&

Co - .
C-Q ~ '3 - >Ca C03

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in c)'i?-f.Qxj~
your skin?

4
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Objectives '. "·""·~.":""'''·4
Upon completiorT'dm~'!Mti'l'1ty, 90u will be able to:

• Recognii~"einl'drborimoves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
l. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cvcle,

Characteristic Carbon Cycle

'r~('<i<o;~ O~(~~~ !-eM:,
Reservoirs

li,\"'\C-sto<\e-(~) ~ c..o 1- ''I0D'] OJikv 7vl
.,~,.-frh"' ~ ~~ .""

Processes 'Ct~ J ::e: J I I /UA-t',., . .r / OCP-<vv'-- . '-/yv.;o~

~~. ' '(..oik.,' f .'G··Q-e.Ii,w£.' I.Y'- ~fi.l<>4- ' 11"":1r:~6' / (1., ;"~·l-'."l
Residence Times !t.Ui-J! 'I ':

~1:r.J("~ 'A/"'~~ .
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ISP203A - Global Change
Cycles

Part 2: Group Work
A. Make sure everyone in your group understands these erms
1. Reservoirs:~~ ...;,....~.

2. Evaporation: ~1r~~1;;.;~

3. Degassing:1lu-~fcr---~~~~

4. Chemical Energy (when is energy used and when is energy released?)~~ "",e.R.
~~~ 0-~.w~ 1;,(14.~ \'I4'i!~~.

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer - What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.

~"h~~~ ~ C'"'''Mt~ o.L~ 1t.,I< ~~.i_Q.. -a...e..> /f.1l'!4"k (6".,~ .•c.~e;);....­
(O-~ (/}-/f.J},~.

2. Which carbon reservoir has the longest residence time? Explain your reasoning.

~~ /L M~..-- k ~~ -;f;ty lrr<ce.JL.-;d'fb/~
~~~ ~-l),YJ-,. c.,,",rz.l"f.'r~ /j"!J"'"~·.')~ci'A~e",.

3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.

:-Z::;t~~:::~.t;;:;),~~'1,t4c
4. Which form of energy is more important for carbon cycle processes, gravitational or

chemical? Explain your reasoning.

~W~ -rJ.,;.A-' uJJ.~ 6-"""'''''' (yJ~ I.»' cJ"'Y'(? f'~<vr-..

o.~ crr),e-. -8NV.o.v~~~
5. How is the process of degassing in the carbon cycle different from the process of

evaporation in the water cycle?

~~1e~~l:L~wO:-:,~
-Q;,~, 6',t~,·,·_· ~~ -itr.x.. tt.:t;;t'~ ~._ ~w'(i+~~I.<I"~
. ,~. ~,) 1, ·21

VI-' ~ ~e.., C"'r~ .L'....tvt<Oi-, ,



ISP203A - Global Change
Cycles

C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

f"tTU- W 1- bvv ~ (9-c~'\..- ~ tk..~ tb-Q- \;l~{.Q..,.vlQ.,
Y"-trtV o-rA~ ~~...J-v ~~1.",",'" ~",rv'-" elk~ (r,('r
~~W'f-~~W~
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ISP203A - Global Change
Cycles

Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

4
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ISP203A - Global Change
Cycles I' ."",.".,_0, . ',"

;>':-~*:;(;;.'-;i-'-""""i4Ili
Objectives < .... ,

Upon completion"aniiis activltyf§ou will be able to:
• RecognizeHC'lw~&arbon>moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cvcle.

Characteristic Carbon Cycle

Reservoirs

Processes

Residence Times

1



ISP203A - Global Change
Cycles

GROUP #: .-..-
Student ID~embersPresent:

~~".jYl A3'l3llS"3 o
MVS)17S

A+"'7{)5q~

Part 2: Group Work Ae r i'T'f37iS6l7
A. Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: loc~tlo!\ 11\ vh;ch CI r'\o.tenc,l J-r~YJ

2. Evaporation: Li~~;J to 5<.\)

3. Degassing: ,j'\J (n ct. 1i~l<.,·J t(~NJer{i~ it> tk I.l.TMG5phele,

4. Chemical Energy (when is energy used and when is energy released?) - The fOrl"\IA,j $.

~(0c1I(;~ of ckf'\j(A\ bCf\dS.

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer - What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.

\ \-t'\r\o5 f I-)rue. J be CaMS""" --j1.;{' ear+h l"> fY\b<;-j-\ 1 vt>C~

2. Which carbon reservoir has the longest residence time? Explain your reasoning.

l~osfVjV-e.-) ---It\e- "Y\o..-e c..~e s fOlAJC/~e f'{LI'f.,

w\' f e.-I'I 1', re s-icU.nC<! -f-,'M e

3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.

b i 0 s pher e. \pe CCv-.-lSe 0 r:30-.-,.-"·$..,.,"5 ax e C(T\ sto,,-t-'j
I( (osi"3 ,. ",--net ":10. 111 1r-j ., C

4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning.

cJ.r"I.(0'\.-col bc.ccu...lse IT ~n \Jollies ---\"Vi-€.- c:;.ho..-"'9'''8 c+: 60,..,oIs
Ck:>rE'C\IC-,'''8 ~'"'O( --h;'r"1 h~) IV\D..-e -t-f...10J'1 0-..'1 "4.p (Y c(OL.V'l "

(ho-j-,'on
5. How is the process of degassing in the carbon cycle different from the process of

evaporation in the water cycle?

, Its 9 C{ ~ -(Yof"V\ -+h e If'q U l'cI tt7- 0 V I S 1"-5 -f.,. a. -f--<v, c:>S pJvu---.e. )
J--e.9o.SSI'j ' qa-:;; +u 9°<'""'--..

l ,q u...ol ft, e, 9 ctS
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ISP203A - Global Change
Cycles

C. Scenario Questions
M

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

~ e, lA.l0tA ( cI b~ VYlcrel n --t--h e. 0 CeeL" r .s 0 (V1()r"e

lu,\\ d~~o-.s-OL..",j-- II\-t<>~ a..-f-rv,c>s~e/ t---t--vvL
r-eSi~ce -+,fV1e

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

A (' -L.. o+' vo, i /1 W("G\~S vue/< ~-Ief
~c (d..-"ca I' CY4

, t

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

C;;keJp et~ ~'I ~ h"05p~ veS-e..vo,r 52Vvto.(/eJ/

~n2~~~/ RT ~' .

h,-{dVO$p~,~ ,f
, o.lIDL-U'''l') r+ ~ ,'ClCfeas:e

, u-J I., , L h G.::>DU lei
CXV\b~' reSe VOl"'" I ..

VJII. \ -Plu 'I..

~ O-VY\~-t 1/1

\'1\--1v- r ('l 1'- ----\;--k<t+

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

3



ISP203A - Global Change
Cycles tIM
Part 3: Homework .,
If you complete the group work, you may work on the homework on your own.
means your answers should be generally unique from other students' answers.
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

This
Submit

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

4



NISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

I .

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cycle

Characteristic Carbon Cycle

Reservoirs h.,re.s\s 6c..~51 ~-\rv\c:,...Jf'''' <!f'~I \ iYV\es\o.
I

VJeCct'v\e(j
Processes . ( vAe..3C\SS~, bv-.-\'e-. \ P~ )",,;'1~~

I\"'", \ I
-..J

Residence Times C~e~ ~ ..f1'-'X, ~C'''j rrse..-vorv SQ(

1



ISP203A - Global Change ~
Cycles

GROUP#: ~
Student IDs f ~embers Present:

~ ~a...'(,~~ 1\t+\\~,»'iS\
~ "\ :,(. :> 1\'b~ A \.{d.,-c,qm

. )

Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: \A.rv:Jefifbv--~ "'""o'd-C/ 0-\ wexk.r

4. Chemical Energy (when is energy used and when is energy released?)

?o-'lCn~\ ~ "'-':"~"":<'""~<:A..\ ::Mb.5~c: ..10~ 0 c>-- -\rr __1'... •
~ ~ ~~
~ 0.. ~1·C.e-.\ rc...c>.d-tw\ ""r -\0 -N-Co..",.fc""" ~ chr..,."'~1

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer - What evidence do you have to support your answer? 3~bj-\""",<:.J

1. What is the largest carbon reservoir? Explain your reasoning.

\1\fV\c.~-\o'X... kC.CM\..,:. d--I":>?->\"erf- CJ'Jbc.,.. C."-"(,~5
c.c..'(b<>-".o-o\-< ~~ 6c:.e""' .... 6 ..... \~:Yro"c,

2. Which carbon reservoir has the longest residence time? Explain your reasoning.

~~ \:'e.c~ \.1, WOu.\J.. ~\.~er- 4t.

3 Wh' h b . Wh e.G.:t"h~h"'rt t" €-<'\""''''''''t' ? E I' .. IC car on reservoir as e s 0 es J.G5~1 vOIi Ime. xp am your reasoning.

4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning.

c..\cj~M\Co..\ kc-~e.. ~v <:JJc.. !VIO't. C~t~

f~~
5. How is the process of degassing in the carbon cycle different from the process of

evaporation in the water cycle?

Oe.~S(j ,t- '5\0...'(5 c,~ w".: k C"¥OFc..fr",,

\l.- fJ ""'Il.<.~ c)r-e...~e',.s

2
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ISP203A - Global Change
Cycles

c.Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

~e 'lC.S-~e..rce. ~C

~ N\v.x WOI.A\A.. ~

-!--h.t""'" o.....f !v..x ,

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use offossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

me-V W 61..A.\.~ ~ f\'"'0.Il:.. o..c.ro\

rtA.\r\ lJN'e..-h WOU rJ- (CSVc \+

iV' l.vC~~~ rex-k lYt.fCf/\S~
2. Describe a situation where the size of a reservoir in the carbon cycle is changed and

how this impacts the residence time of C02 throughout the entire Earth system.

VJ0fM VJo..,-\c.,.. f {.5\.A. \ <\:s iY'\ c, s~\.\.er

re9.e::No'if \x..CCAM...~ WC).J"'" lA...C.".;~..... c-e.....,",-,\

\~~o\. ().S 'IV\~ ~ ~ Sp~e..~ lAp~

CAfde-
3. Describe a situation where the residence time for a reservoir in the carbon cycle is

changed and how this impacts the residence time of C02 throughout the entire
Earth system.

~ -+hL W0v.!,0V \"5 \.AJCNV\~
I

'( C-':3fijvr;::/I:.( 1'5 S(V\Q.Llbr L-J~ fV\«N\S

c: l'v'O. \. \e. res~*~ +-Jvy;( + ~f.s..;; . j/



ISP203A - Global Change' fl·
~:~e: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

4
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ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibriumwhenl~in the system isbalancei]
3. Matter moves and changes to r~ystem to equilib~m.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
~5.(.(2.vO\Q5 '" w\N.\'-t ~'~s o..£.e .5'tcW
n\J~':' \'Vl\)If(:~'" \V\fcu~ c(;: ~~V()Ie.

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cvcle.

Characteristic
_\r..,.AO.~~(L9

Carbon Cycle

ote(,lV\5\ .flo~ests -h,blOChc..lS) t\~.t1)t\.Q U20()\<:"s)
Reservoirs G\1vM.C>9V\..Q.e.o ,~.

Ne(~:t1/-.eriV'9) ;-c).('YA-Sl,(IN>j lac.eon-'" C<.~pNi~)

Processes \N~oJ.. \~V\o"tC&.-\1' t"\I\.t2 su, ~SPleG\.t"ll:lrl; bVlZ\"\\VI..Sj
h'or.._ "":, .s., ,,.- L ·c."
~ 1"\'\)"x.. C:~~ S\~ Clt etI~~vOVG,cM~"'>R

Residence Times a~,,()\e~eU.wo.'\R .T. ~(;~o..~{1U\(->lmC/2eC<.'I-<' lZ-:\.

1
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GROUP#: 0
Student IDs of Members Present:
I\k3\.p4~3l0 AA \ l.lJ>Yo ILR

f\4Io9ltv4-'Z 3 __
f\ 4')"0"117

I
.>

Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.
1. Reservoirs: I,~~ m\~ o&e S~

3. Degassing: ~ M~yvvvJ\;', Ck 0.. op..s \V1 ~l fu~
o...-\-vV\.OSQV~.

4. Chemical Energy (when is energy used and when is energy released?)

t~"1 t ~ ~ h> \o~cv1l- IocvWs t\ \2e.kc...~ "">\t\QV"I 1o,:)V'.GlS os:s
f'o~.

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer - What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.

\LOC\(S \t r.e O\YlQS(i)M I?e(CW'.Ye it hcAs ~aI caeltil zf Co vees
\O,0¥ CWGlJ ct 1V\.l1 -m.eth.

2. Which carbon reservoir has the longest residence time? Explain your reasoning.

L~\fV\Qs"\DVVI l\ltlrtOSt7(;l.JQ) bC(e.w~ 1+ ti2a-pS" Co..ebDVl IVl io6Y'lds
7;\ c\.\jt"J"'T \'2t LQQse. ex -ro ~ CLffir\Q5Ph#e / ~O-rls.

3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning .

.~ Cl:\1Y\~~f.e lx'~ it- i/Ic.s Ot f\vCUOl..--t-iV"'9) flu'X d
CJA.a.u>V\ ~'(V\ l?\tJtD~V\~&'\S, eest?lea~ zf O~OJ'1 ..

o-i:Ac1LhCtVf<<Y1
4. Which form of energy is more important for carbon cycle processes, gravitational or

.chemical? EXPI~in your reasoning. ~~c..oJ) -tv'\.Qi'0y 1~ \"A.Ost \\~efc\flt

~CfW~ 'tDV\ols 0--{2Q (D(\StC\ni-\l..j bei.~ fuem-col gf bee~
(}t."";;, C(L~?~, V\":~~ 1YIe.OtJC)h ~ lAt(nO-SP~, DU'et.n ~
\\~'S(.JV~ a p\.o...vu- ~\ei:oJl I

5. How is the process of degassing in the cartJon cycle different from the process of
evaporation in the water cycle?

~0C\s~\~ \,j ~ 'lY\'WCW\.ej\,{- ~ t)"'..s WD\'YI L).){A.-+Ce\ tv
~ C7L-t\rv-I.05(0\;uu"(4, .e.vapo~h6v'"'l \) ~~

~I[Y\ CA. \\C\ui.d -to 0... ~OcS.
2



;',

ISP203A - Global Change
Cycles

C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

3::s{V\...1( M. \1AQ (.02. tv) ~ O:xXS vvDv\d ...e,vtnt"Licx.II'1
~\f\.d \.Jr (n~ oLeO-¥' w\r\ic.h VV ovlol ckJ~s I~+e
\Vu. ~-t\"y,\)'S~\"l.a.t€ \"('{l(4V1fJ-\1tv- 'e-(S1d.Ml cc nyYy l VI Cfuf<,

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, 'and bricks'! \..-\.a~ C.01. -m\'i--es vul'tt-\ \r\'-'\cl~O=jeVl W)

\'2.Q.\.VI ~ t<le.ateS' C{ c.l.or ectin WV1~c...h \V1C12eOtC.I-t'S TM.-.e
RiA-+e tl~ \Nt~~\vV) 0'" Y'0CU2-1oLe ?t- ll~ S't1)YLQ.

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

\-t. o, ~$.e/2.vu~e I(tp (A. \Ate cLeCee-a')-t'Y t'1A.e (2eSleL.nlR tlM..e
\,'\i\),)'\ct ckc.:e.£C\.ve YVU.D-..V\\V~~ W<:D\..cl I9-e 0"\.

Oj~CAke. ~V\-t- Of COL (11\ ~ (-'\.t¥v\OS()~ L-U!It(ci1
\-\.)(:\.>\6 oJd.- \'Y\C([e C)~.et"'hw~ oytYf';, i ~ tcmpeft?LrJ.ril
\-0 W\~C'\..V ,

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire

Earth system. \f #S\(::U\'\U!. 1)i~ Cj~S ciDvJI'I iVl OC.eO-nS

~ /ieO..S\r\-J[S VvCU(olV\t fl:£rn CU' muCh whlGh

~~ L(U)~ o'l0Cln IS"fIA-] .t\) nct tx CAJolQ. in

\\~ O~* '\\tu..,,"'"'; . \h. 'c) - ".""\' ,I....IJ I .. fI -1-....
~" '-'V " V) '-VlJU;< u..JN,Y I v 0'" CDUQpSf

Dk n\~<s. 3



ISP203A - Global Change
Cycles

Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move'
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

4



ISP203A - Global Change
Cycles

Obj","o" r
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cvcle.

Characteristic Carbon Cycle

Reservoirs

Processes

Residence Times

1
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Stu_"'r..mOOre P~mt

Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

2. Evaporation:

3. Degassing:

4. Chemical Energy (when is energy used and when is energy released?)

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer - What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.

2. Which carbon reservoir has the longest residence time? Explain your reasoning.

3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.

4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning.

5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?

2



ISP203A - Global Change
Cycles .

C. Scenario Questions

f
1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge

mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

3
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Part 3: Homework
If you complete the group work, you may work on the homework on your own.
means your answers should be generally unique from other students' answers.
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

This
Submit

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

4



ISP203A - Global Change
Cycles

Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the

b Icar on cvc e.

Characteristic Carbon Cycle

-f1x'.e.s \os CbioW\CLSS) • \\~S \vv\..Q, J D~'SJ
Reservoirs

~S~

w~ 1'\;5' cU. gass \V\ S; \0 GLv\, o0l ./
Processes ~Nl \115 '<J~~S \ 5 J v--€SI' \ ,. o...A-'\ 'OY\ I 'olAXYy "''3 I

o~RV\..- O<M eL,~ vM-i B<'

0iA.C!.-~ Si0Jvy I cV\.o...':-q12.- SLVL \A.€..'S e.vVlT\'-v I

Residence Times ~~-e.,~1["' -s '-'"1.£; ~'&-e h'f'f'.-(J.
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Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.
1. Reservoirs: t

~ VV\.-~V' \ So S~d..

2. Evaporation:

3. Degassing:

4. Chemical Energy (when is energy used and when is energy released?)

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer - What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.

\\ V\'\..Q.S~

2. Which carbon reservoir has the longest residence time? Explain your reasoning.

~ t\W~~ ~

S~V\.-5\·\- d\;L5-\:

3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.

~- b;OS~

4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning.

5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?
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C. Scenario Questions

"·r...,

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residenceti~~ the atmosphere?

~ -r-t5\.~Vvtt- -n.~v ~R L~W?.

~

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

~~ v-o::tQ O~
\ 'N'tX\.QA.S,,(... L~ ~

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

3
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Part 3: Homework ,
If you complete the group work, you may work on the homework on your own.
means your answers should be generally unique from other students' answers.
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

This
Submit

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?
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·f·,,Q~ctives >i
"Upon completion of this activity, you Wjll,;be able to:

• Recognize how carbon moves-tblouqh the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cvcle.

Characteristic Carbon Cycle

Reservoirs

Processes

Residence Times

1
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Part 2: Group Work
A. Make sure everyone in your group understand
1. Reservoirs:

~~~'j~C~\~n~~ti~~~J6~i{;; i:·g;t~'OliJ&1ptC CCO (bOfJ C0ICLt)
2. Evaporation: . . \ J

VLlf\J::lU:lhul'\ (;f C\ /lCl'Jld ;-t"Ot()(,v'(~ O,Yi'-(j V(\-r)'\..e ~~V.{-Clu.. t/o I((','c,
~'.iU \"(:1 H [()I\ ·."r'l':.w:d {'ron" p.\ I\C/,AO II) " 0.£.11.;1' r!\ \n

3. ~gassing: ',.
U\9. ,-t'VY\wClL or8Ov~ '\ CI(1O/ 1f1 ,C/rl./
.,h.-Clt[(v)lm ()r(u2.- (\')\D v"C'\-cy-~ .proull SI'\M!f'O OU-(\J .

4, Chemical Energy (when is energy used and when is energy releas~d?)

\l9o.C.)Uy\) 1rol0(tu~ ,n ~\Q/\\\( CCt..,\ (on) 1,')()..(\O'oJ, It- Cll ,oOVvf("
WVlMI ~Y\.M7tJ 1,1 (fleCtJeo. ("f(() rV\ \'\.fCir) v.£ co o no Y"IrC!t r
to UK I y1~OJ -ev-{i''jc14& Il\tS

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer - What evidence do you have to support your answer?

ttl.!:: 0.rmownc.-l-e.
nto t'\\~ (,\ nY\oJiJJ'fre .

1. What is the largest carbon reservoir? Explain your reasoning.
IV\.£. ICII(~\, rf')en;ICiY (A, ('0 \ 'v~)un I & I 1rN' SI0Jl'\.('

li'I·\ IJ ((l) C'OI'"' Cvy:u. .cC\.n:wYl CIWxrclt r.'> relt'cucd c0ren "1)'(\\\)1'<.
W\'IICYi U (c,IUul}'\ (l\IIOOnCiK U YcICCUe(1 ii' I)(OCIUC.t II\Y'{ (('(!'UI./W)o )< 1,I:lf ~) " I

2. Which carbon reservoir has the longest residence time? Explain your reasoning.
5-ECI( n'(n teqy' II ({Ie Jtv t\Q I \I'Y\Q.> \0\\£ I~ pff K' I\r-e 1'1' ru~ l'v\ \H{ (;1'1 J

(if 'yf(lo. lllllUIDN CH1c1o=frifJ tt:H i)[)i\(1!:'t rO Ct.:l hOl{\ ~v'( \ ,\(ZjU\H
or (or \Ocv\ 01'\ t'n.£ pian.e.'+- (lJ f.A,;€1 (~~\

~..".;"

- -
I

r')

1:
:;;) 3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.

~ PIOn Ii 10f'(~IVj{ t'l1f2.;4., <iffY.(rClI!!J.. Mvt i,fWi--11 f.(') '>Cln) ()('Y.tH';r1 It}
_.~ onl\v(O (\..Ii\:{. 111Jl tJI([tt- pl(1I\1;) Qte O/ltv o EeL\} -fT\wJ ahc\ y-<evJ4Id
~.:;: {(no eMU \>\01\ \1 On' (li''\, 1\'\1'4 f\ Into ,,~L ptl,lJ... tif- t'f'C pIWH' ({;Ii IJ();' .'
;;,') <:S 4. Which form of energy is more irnportanffor carbon cycle processes, gravitational or ('-f'J,IV\o..r'
>- ,10",... chemical? Explain your reasoning. I

eYlenl! reu I '& I<X' (CLUJE:. -trl.a- ccu'bO('l UJc.-l£.. is C\,.. I er W LA 0 CI ~n\lr(l(
OrOQlU IY\ vJI'l\( n ('ClnO()~'1 Uf\d.!'r [Joe; c~\tnltcal reo [I'll/'S or",;!
d"angn {bfIY\

5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?
b e8 ClSJ IY\c9 U LN \'\.QXC (02 IS fe If'OJec< In ~o

C02 15 C\ gcu 1'/\11\llAXltU I (InC! WlllvtJ
cClfIJOI1

evoporQnol'\ IJ Y1Vf- 0\ 9JJ,J vl1p1)l
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C. Scenario Questions

61'Y\ClI/ rfS IV D(;V ~ oJ, r-fJ ,(jL rcc. r\y)"-Ii..

~ P-IV)l '" 'f fetlcl( nUL t \lV'J:

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?
f--fSld2nG'1IHIJL wovlCI (j.QC'ff'CU-e O{((:tVjt +Irlt f1 V,X.

\.) Inc t=ecp \Y'~ '/1'1£ t-e f0Y" d1.(~C\ s\Y\C) re }\cl.e nee.
t'\ YY\.L

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,

monuments, and bricks? )1ru{ (0 jS (1 fY)am t.Drn ~(J\fn d(n
v)-tutnennq rhe~' lJ\[\ h~e 0' ~. rmpCLeJ 6'0
Y\f\rVL\\ \"()0rwmtn\) ~ brrcks, B~ flegcltlvf 1 mean
~Ctr v>eotn C(I (KU Wi (\ bt fndi'l mquen t ondfo.-~1tr t-
el rrou£~, J

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.
\ft-~ r-e&IVIw f P etQCreClJec!lnJ1LeTY\Q. ('f,),CUZn(..L

-1-1 rN- I) ilicreeu-eo\. '

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire

Earth system. \'-1orBfrets are- pang cut Oow1Jtheret? tt (Y)ore
~O2. I~ Del ng reltQI{(J (nw-rhe CAtr()D~pn{(t o..rt/lt
\XOlt\( Of ~L\m rrq .fncraued flW, -rlUx sot'10Us(rd1A ()1
WIll d~JCll\{¥n~ rtf rCUnl{ 'tth'lL
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Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

4
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Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cvcle.

Characteristic Carbon Cycle C02-, co;;, Hco,-

~

Reservoirs
Fo I2"S,S (GJOSPtl'd2'<:), L-J "-\~"()'" '< ( (20(1L''), o(~rtN 5 ( H\j j)(J.o<Pt-lCiZ< ),

I)Ii'1uSPt\,e1:

Processes
VKATJ-\'d2,NCi, 1)<,,<0,,">5, "'<=J/I?,,,,,zIl'll.., PHO'''S~N""T1-''<S'SI ~'G?JRI::rTl"N,

\t,~12N'NG" OC'(", "I J'l(,D,FILAlio N,

Residence Times
C"""NGtL PWjX I Cl-lfrNC,'t S\I_"- O~ I2'i:S<lNe<,Q - ()'icQ'e{-\S'i, US\
!LeeS' iYcN('i""1''- 1\lrV' oIC IZ'Wcl2"b\(2

l"cILn<-'",<:y '~l-~IV' INrl2l-{.\'S.'f 1L<e~ID'i:'-\L'l: 111'-\'(
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Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.
1. Reservoirs:

PIC[(~s \,Uhuc r'1c,H"tx' is S tore.cf.

2. Evaporation:

PI Ol(~S O~(V\CW\'O\"'£Q C\ SltPSl-rl..lflLC ~rq liqvtid J-'u ~"s

3. Degassing:

(Clov;"'5 'UC\'>s~<; froY') "0-" f~s~_,'-S,,;( to &\\<>t''1U

4. Chemical Energy (when is energy used and when is energy released?)

G\SI'()~ .e.,cf9J'"'0 \" P'~C'\c bo"o\S, (<.\.wS(fI\i Qlf\('{JI.~ Lvi,.,£-'r,!,","'d be",,,,

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer - What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.

l..-ifY1(iShJ,1(S,; \)~UtU~( i-\-- nelS c, \0"5 (~:s,<:lC"l<'-<' htV\( (\N\c\ <'IH bu,..

(\ ( U;nl.A \ cd'i:S 0 I{ u \-i 1Yl e. (g vi 12., I1"L')

2. Which carbon reservoir has the longest residence time? Explain your reasoning.

L-il\i\~S'roY1c..S·1 DtuI.US{ c.cc(\"'SV) blA\\c\S 1.\(' i.tl I>",'\(S\""",,,) tc,,,s"']h H.,.,c.

~yU«(SS of- 1o'\.dc,1.

3. Which carbon reservoir has the shortest reservoir time? Explain your reasoning.

lbi0SP\oU<'.; ('Q{\?uV1 <y\~v.e-~ bC<lIL CUred f0\ \ir\ be \v...>c.0'I 1-V\Z bl"b"¥,iAU~

eLIAr\ C\.fM.0SPh(<-( fulvqo;'" "Kne.. prb('QSSe.S 0t r{sp;{C\hOVl <t.Lnd ~h."tu'Yf\ti,.qi5"

4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning.

ClriCW\iUI.\i btU,-",oIS.Q. ;-\-'5 cu",S+6..v\t"ILj C~CU0S\n.S d·s C"rnvoSi\-(,)V)

5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?

C( v c~'P ~ ro, Ii 0 <1 c\c.Su·i b e.s y., o \,V W'l r-e.r C~Cl..V'\ 3.e; tv-a <'''1 Q l, IIu i <I 10

o, \)C,S Ci.-lAci clu~clssin~ is \.'J1'\ Q..c, Q (J{\~ ",eiV,S \H'/"q \),'1 C
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C. Scenario Questions

~.•C'....
V

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?
~M<'

-n~\ (UIG\.Lvcc.€ IS IOI'\Cj~r \'" ~( C\r<VlO5;\l'\'1H~ bu(u{s~ of

f1Ll -c. \'v\ or <- INZQ.tv,e,n'flCJ r'Y\ L1r 1<' ft- reLLlS-c, YlI\ ur Z (02 '"

be.. t-e,\,u"zcl irl\,) Me o 1'mosp" c.n:., 11r1,& (llC\S-(S "-VI i"C.'c-e.l,H

i" *,R. i"f-'\U\-0r S~ (R."c~c.-L nf'<vt is '""'-(If,i.
b. Significantly more C02 exists in the atmosphere since the industrial

revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

II.\u f <. C02 C'c\"clSZS !\ccod, II.JQCl~e.V;V)~, So fuz V\JQJ\~('dI\9

r Cl \-IiC- \!l(«·Hl' ts.

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

CctH-i,\c0 clllwl'l fu,u,r-s rt..ClLLU~ -!VIe <;;:i2."- ot ttt·( \-)'0fYlQs) «(S{)IJOiC

''r1A,s VV\~C.UI',$ -\1f,C.v\-\<.SS ('Oz',s \-e.Qv,'CCJ' titlp ~\-r<lO'!)\HX~ h\·t.,(

biDSPl\C'l'-t -- \\'\\C <.II.,ttl""" of ('0'2 (·fUr'.') 1',-,?( (\ th\OSPV1€ {-'C c\{U('Cl5e.s J

C«L\Si{1C~ c, \~""''1('{ r~S\l\.LvtC.t. h''''v:.iV1 \-It\( Ctnvw"ph-c..-e.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.

BLArnrn3~ lV1c..~aS-Q-S tfu.. in fl0\Al o,p
c.c,xV,719 n {'{ltD -f1v... ~ tr'fi-J)-Spfv..re - '11-cIA.:\ (n. !f'E.LtseS
~ -f\ 0; '2 f'tS'fd\.Q..il\C't +/rl\.JL 6 ~ c~rh 11 rl en +1<.e.
0..trvL\l'i, rhJX't. , . -
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Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?

4
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Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the

Icarbon esc e.

Characteristic Carbon Cycle

Reservoirs

Processes

Residence Times
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Part 2: Group Work 0"esQv)C( of CD?
A. Make sure everyone in ¥our group understands these terms before moving on.
1. Reservoirs: O-cf\ cv-{-iti(0-.l Dr ~evI uJ~ bt0e 4$<€f.)L-Fbr-
~~~t.~~. ~ ~ OW) ~ro<Ud ct~'%
2.Eva~

10 CQV\\l1Ul 0 ( ~e 1\1\,+0 01 vClfor
J

-\:0 etro-w ot(l IV) #- ~r~ d'
VfJJ'W,1D~ W/CliQJw'"e ..P<b1'1-) Jp-( ~; /<QPJJI"6 (')4 .+<> cW{ ~ d'c/ po rif"lJ....,

3. Degassing: di~lASL~ o~ (0;2. i -I:V\e. procesS tAt wlruLh, ,.j
diSSOI~ oo.s \;s re1Ylt>1J~ -Q(om ~e ()~ CJfhor 11~ t'1
SO~O~<J

4. Chemical Energy (when is energy used and when is energy release~?) ..I ",-,. r\'4..c
1i"e(bleV1.}jW/ *' 0- cM-Inc£u aJ,..bs1G/.i\C-f 1::0 WV-"'O 0.... \9~~

. 44\r0u&' 0- CIftQI/VIIW ~Wl Or -to ~sIort/l'l o4/tler CVi-~ ~I.fs

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer - What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.

L\WleS~ ~ it- I'S ~ uf of- o.J-.l ~

dm4 (')I~ I( ~to--\

2. Which carbon reservoir has the longest residence time? Explain your reasoning.

~I~c.e --HVv\Q 15 'heluJ \O~ i-\-~ '\ )V\ -the a
reS2f~\'f I j{- VIDe, cte.t.nW"e re;~(e, rrs '(eS)~~ -H~-e ~

~e re;eNiYt( ~ \~ (~i~cR-BV)'){ £0 -itIQ '('es&,rJJi( {I)'rYh ~e est-~
3. Which carbon reservoir has the shortest reservoir time? Explain y?ur r~~~\inf1F-~~~
BiO~S b<?(j)...Uf:,e -WI<t SfY'A,LllQ,(" -JVt -e reSQru1tl7-,,----=-----
i::l/le sm+e¥ -1V\Q ve:,\d.%vC\' ~vY\Q.

4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning.

c;em'lCOJ\ tQ~ ~~

~ use. cJ/1ew1tCLU 1b.!2VCZf1

5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle? ,

~IA<GV\ ~D ol~CAS~Jj frot~'S Wv-p~S (~
./JA-e COW~h CUftA,e ~~ IS l{?,l~-fro.v1S~
¥Oi'Y' OV' ~\)\or +D ~~
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing

~. ~ ( small pieces of rock and chemical products, such as bicarbonate, during weathering.
~ ~ 1 These weathering products make their way into streams and eventually oceans.

"{J I fft a. How would this UPlift, impact the residence time ~f C02 in t~e atmosphere?

rv;' tj)Q ~ VJ.Jl \~{U"'\ 0- f/\CUJ')W V1 . erros 2(9 f/l

~~'J:J(j~{ tNty?~(Wb ~ ~OYIv:J wPffr;,nc;, ~e,n
~ j! ~Q)(1~ ~f~ C02 ~ ~Cj (cl~cea'

G,s } 'Pwnib ~ ~ 0f' ~ cd-MOS~
b. Signiflcantly more C02 exists in the atmosphere since the industrial

revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

1IA~ I\fvtr~ ~ -tWtt IS fV1,~ ~~fVlQl"~
rlI\~ W(Cf~ OS}a. (o1.rJ\ ~ IS ~(OdU
~ -WI~V1M)r~ (»~W-( '1 ~f~ '5

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

l'k ~ IS (A ~ 1- ~ P{)~ .
d-\{\~'0 ~ 80 -J1A~ ("%lcLLOVzlje -HVh<fJ

\5 ~L~

~fY}f. I[~(J,
--J11' :s (StUa.e$;
JlY\/}r't' Co'2,

sir~ 1
ce ~or

()-V) IV'(Ar~If IV\ CJh if
'IS ~~ ew--3~,p- -Yht (b/rn£fSph-~
vvvt r'S C{)2D W) v0Z (~SO:P W\4~c)/' ,'S

6-- fl/SttfVt? ~ ~ IEPP

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.
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Part 3: Homework
If you complete the group work, you may work on the homework on your own.
means your answers should be generally unique from other students' answers.
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

This
Submit

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

GOL ,((I kJ (1\-1VlOSp!vrt-­
C0\;'ib~-If/htSA-vI)kaJ

VOl [t\ro> r~ Iu~ k
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Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the
carbon cvcle.

Characteristic Carbon Cycle

40 refji-{B 10 (Y) IiSS) J tt""e~i\t{(b6L)} (£etl--J[h«Jf0f Iv[)
Reservoirs

CCCt-t (fYlo/'1~~~I-vu [q{f(,) ((lk((a[o~ flCO dhLqJbJlJW
, U .... v . ." ,..,. • (W:'1Sd'lUe«.jVv.,r;?/ difJ~Jrt; ~NaA}I:7{o ~ itlW.'<7)Processes
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Part 2: Group Work
A. Make sure eV~7one in your group understands these term.s before moving on.
1. Reservoirs~~ .

2. Evaporation:/I~V / d- tv a. jcx"5

3. Degassing:(Ylovh ~ 9ev5 -fl--Dol""---- or-- Oes.Vw de; i/ift-.c>~

4. Chemical Energy (when is energy used and when is energy released?)

f.ltvc it. (i;lJjt(flr ~ ,hd-v q d~ {lftV~M.d0
/)/1 u/.?->

B. Answer the following questions about the carbon cycle. Try to include your reasoninV~L£, _
along with your answer - What evidence do you have to support your answer? dP

( / I - ~ ~'6SpkrJ
J' 2. Which carbon reservoir has the longest esiderrce-tlrrre? Explain your reasoning.

\OQ)'IY\~ ~6CK5/ ty{V\{ )1UM / 0[7v Ov---/NttJ If? rfh-. OCIt1. ~ 0::1.6<0..

~ 1n1o ~'V"f"-1 w".J()()n({)(..r{;v L/1c --Hv,/' 5Ae.;/{ fd Jfvz
3. Which carbon reservoir has the shortest reservoir time? Explain your reasoni~ d.4e

\),'n Splwc-~,T, S IOl.-'JeJ 'o/~ ~ ~O"l"'- ~ QlVtvlj .

(]\n0()9~
4. Which form of energy is more important for carbon cycle processes, gravitational or

chemical? Explain your reasoning. rei D.P An,l:,~ " Q ,I) L" (
C/\v;YvtcU/[/ btC~v CO['bJ'I ~~ ~~'9?~~

(, ~ 0 hOV\jM:, (60rrv.S o~.-0 Vh
q,S '1I!\rJ\(]\br-. C)Cefi.V\ GjJ·6:'(\UthJn wrr- It K,Vt<. ~.Mr0 3

5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle? (1J 11r:5.

ckji{£~ S
0- :E:/ N--- (}(l fe5Ylyf (jIJ)IIjf!o v~ f1!!

'i~*" G\\-06S@hAv ,
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C. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

,r~SrJ"o(, (YUOn~

\ {\ CS' ecc )f. .

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?

becQ.,(fi- \fIOI\.-- cOvr bOI\ \1L G\.Ud); ~<;. +b f'['v~& MOK...-

W~)rr \.)/\ focts vu;l{ 'rvtprJn

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

\\ \" I::\~'-"-'

\1" \ '\ ~~I>v--

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire

Earth s
ystem'1"k 1'f10(l CWVyf\. jJiAj 1(1(0 Jk-- Mi h C(Ci:.S""
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Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

1. Describe what it means for a reservoir to change size.

~~

2. Describe a situation where the residence time for a reservoir in the carbon cycle is
increased and how this impacts the residence time of C02 throughout the entire
Earth system.

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
decreased and how this impacts the residence time of C02 throughout the entire
Earth system.

4. How does an atom of carbon move from coal into the atmosphere? Explain what
would happen to Earth's temperature if the processes that move carbon into the
atmosphere slowed down.

5. Recall our earlier work with ocean acidification. How does an atom of carbon move
from C02 in water into rock? How would an increase in the processes that move
carbon into rock impact Earth's temperature?

6. Just for fun: How does an atom of carbon move from HC03 in water into carbon in
your skin?
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Objectives
Upon completion of this activity, you will be able to:

• Recognize how carbon moves through the environment.
• Reason about the role of different events in changing C02 concentrations in

Earth's atmosphere
o Reason to how this will impact temperature

Causal Principles
1. Gravitational energy, thermal energy and/or chemical energy drive all movement

and change of matter on Earth.
2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
4. Energy is needed to break bonds and is released when bonds form.
5. Temperature is a measure of the movement of molecules. Higher temperature

means molecules are moving faster.
6. When molecules move faster, the density of most substances decreases. Water

is an anomaly because liquid water is more dense than ice.
7. Buoyancy causes materials to rise or fall due to the relative density of materials.
8. Feedback Loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

Part 1: Class Work
Brainstorm the important reservoirs, processes, and impacts on residence times for the

b Icar on cvce.

Characteristic Carbon Cycle Ca.rbo,,;!;. "<.tOe\. (col
(q"" I-Ico, )

Reservoirs
Lil'l'1(,stone.. hu.N"o.ns j

plat\1J (\?';()Mass) )oc,':'ns/ Q-\"'o,ph<re (LO",

8;0, A\M \",, \',~,o

Processes Lv ....-i\r.ll....,"J' de.J':lssi",J (~com 0=" -] aI-""'Ip'I4"~\ b~ri"\.) ph.'Io~~n
re.,~;rot;""" , bur",,,,,, (.~ b;o",,,,S) 0(""" "'<.Id.;~'C<l;ho....

C1--.0.'''0t- VI"'... , c"'~Jt .,., L<" oJ: r.(.SC2.(Voi('"I
Residence Times
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Part 2: Group Work
A. Make sure everyone in your group understands these terms before moving on.

1. Reservoirs: S-I-or'l'j<t o~ so"'(..-\\"~J (co,r'l>.,,) ; "'" ~\o.ce

2. Evaporation: C~1'\0c.. fro"" 1;9.....0\ -1-0 0 ~Cl.S.

3. Degassing: MOV<M<~t d~ '" 50S rr"\Olw..<k fro~ be.:j a.;,~v«l ,..., 0.. \."9 ""01 t.
be.i'\j 6")c;~\ ... ,cl;" 0. ~o.c;.

4. Chemical Energy (when is energy used and when is energy released?)

B. Answer the following questions about the carbon cycle. Try to include your reasoning
along with your answer - What evidence do you have to support your answer?

1. What is the largest carbon reservoir? Explain your reasoning.

L 1""'(. sh.<'Icz,.. ~oclLs cUt. *he. \"'''3~~+ rc..S (.,\,/C>;~ I a~cl ~"'.. r'·...i'~* Ct:\fb4"'1

,",",Ov IL"\ ~'r.('~\).~'" \+.

2. Which carbon reservoir has the longest residence time? Explain your reasoning.

Li",,,::>-\o,,'I.. Bio\":}lc.<\\ s-t\>'\:F \:" e.1 r<"l<A'-'" 'S'I-t>'f'+u -\-h." t"t>..~~ I ,,,,ei­

-t"'c.. 0 ('I!.o." ~ <:>o\Mo'ip'Mre. ~\<.\v.u."-\-.,,, c.",~ bo,", b(.'\-Wt~('\ e..<>c." o~hU.

3. ~~~~;2~b~;~es~~~rr°has\~e ~~~~~~~~~";ri,:i~X~;ai~~o~~J~~~·ing.
~;C>rY\"s~. (",!co 1\ ;"1 -I-\\q"c,«.. N..'iU"Vo\r; o""J '<wit Cl5 [0;' as +h.z.
p\o.~~~ I ",~i,,",,<l\' M

4. Which form of energy is more important for carbon cycle processes, gravitational or
chemical? Explain your reasoning.
c.'h~",,\c.Q,\. AIMO\t all r¢.suvolr.. v-S<' ,-I-LN,:.....t f",.. ,.10>.. c.a/'oo1'\ (~<.It.

Th... C''''I..~ -\lr.c..t ~o" '\- u'5<.. +~(.. o+~¢.r ('(.~r"o;r, 1:-", th,,'r prO'~J

5. How is the process of degassing in the carbon cycle different from the process of
evaporation in the water cycle?

\h<..rL. :, ,,",0 pho.S~ (~"ho..1'\'J'" in O'-'0"5S;"'~ ,
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c. Scenario Questions

1. Imagine we rapidly uplift a large chunk of continental lithosphere to make a huge
mountain range. This would expose a large volume of rocks, eventually producing
small pieces of rock and chemical products, such as bicarbonate, during weathering.
These weathering products make their way into streams and eventually oceans.

a. How would this uplift impact the residence time of C02 in the atmosphere?

TI,<.rL w~\cl. \'It. 0-" ;"c.rL<wZ. :" <e.siJ.Qf\t.Q. i-i..,.,\t., 'oe.c.o.us<.

+"'o.rL i~ mOf't carbo,", 'oe.f'"3 \.()I2.cA~lZ.r/-.o... T~;~ p~h f"'nO ....lL

C.",(OO" :" ~... ",t,,\C5r"er(. ,,",-,,,",'\Ee not" c.ha"3 ~J ~h.iZ- §1..~ oP

+h... r<-se..r\lo;'.

b. Significantly more C02 exists in the atmosphere since the industrial
revolution and the widespread use of fossil fuels. What has been the impact
of this added C02 on the weathering rate of rocks found in mountains,
monuments, and bricks?
""l:"+ l.vol.\IO\ ~,",cr ...c<s,"- 1-hL ,-<.•>tA-lhlV·'''j ro.-k, s:"c..", -l-hu (.. -s

yY\o(""'- CP7..) (..v\""c.~ m 11..0." ~ {V"\c.>~ Cl<.i cl,

2. Describe a situation where the size of a reservoir in the carbon cycle is changed and
how this impacts the residence time of C02 throughout the entire Earth system.

e,;O)~'I.('C. - m"" ;V"- O-Ji'j (bur'a.\.

i"" \""c.\-5 R,T 0 ~ -

( . L ~"'~"5r\-'e.c.... R¢.6.C\.<.e:

oc.e.o." - tzaucc..e,

M,..,.,o,;p\-'uR. - 1\12.c\\.lte.. (~-lC\ ..... ,,)

3. Describe a situation where the residence time for a reservoir in the carbon cycle is
changed and how this impacts the residence time of C02 throughout the entire
Earth system.
I"J. \' lAo.cJ.1 CO, +c. <\-" ... a.-\rY\O) Dh<t"(, i"c., re.~ :d.v'c.\t. +iMQ ..OLlr"""j iC\.e.\ ~ r
-r',,:, evi\.\ ',,,( \(.T o~ oc.l2.co.f\"' , E)(1ro'('\:'':) COa. \ ....duc.e\ re.lel('uo,'!"'

S ;(..12. I re..d.lAC'''3 Itf.
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